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ABSTRACT

Acoustic tests of the completed ARTEMIS acoustic souice were conducted In Northwest
Providence Channel in November 1965. A rigid 190 foot hydrophone boom pivoted at the
base of the array structuie enabled stable and accurate positioning of hydrophones at points
in a vertical plane from 2.5 degrees above to 22 5degrees below the acoustic axis of the
source,

The transfer function between the input to the amplifiers and the hydrophone output was
measured over the frequency range from 300 to 500 hertz for two types of signals, continuous
wave and pseudorandom sequences. Continuous wave measurements were made using
conventional phase and amplitude measuring instrumentation whereas the measurements with
pseudorandom sequences were performed with a cross=power spectrum analyzer, The cross-
power spectrum analyzer was also used to obtain correlation functions between the signal
input and acoustic output. Twenty transducer elements were instrumented with accelerometers
and appropriate instrumentation was provided to permit moniforing of transducer element
spring deflections, since the transducer springs are the critical factor limiting the aliowable
power input,

This report includes a description of instrumentation, test procedures, and analysis of the
methods employed.

PROBLEM AUTHORIZATION

ONR RS 046
NRL Problem 55502-11

PROBLEM STATUS

This is an interim report on one phase of this project, Work s continuing.
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INTRODUCTION

The completed and modified ARTEMIS acoustic source was tested" in Juiy 764
to determine its operating characteristics and define the maximum allowable
power input as @ function of operating frequency.,

Measuremeni of the electro~acoustic transfer function requires a means of placing
monitor hydrophones at accurately known and stable locations in the acoustic
field, A further requirement is that the hydrophones be located a sufficient
distance from the source to approximate far=field conditions, To meet these
conditions, a rigid 190 foot hydrophone boom was constructed. The boom, when
attached to the transducer array, provided a stable and movable support for
monitor hydrophones.

Acoustic tests, employing the 190 foot hydrophone boom, wsre conducted in
Northwest Providence Channel during November, 1965, Tests were conducted
with the transducer array, with boom attached, suspended beneath the source

ship, the USNS MISSION CAPISTRANO (T-AG 162), at a depth of 600 feet,

The transfer functions between the input to the amplifiers and the hydrophone
oufputs were measured over the frequency range of 300 to 500 hertz for propagation
angles relative to the acoustic axls of 2.5 degrees above the axis through 22,5
degrees below the axis. Correlation functions between the signal input and
acoustic output were also obtained as were records of a sampling of transducer
element spring deflections.

The following sections of this report describe detalls of the test procedures and
of the instrumentation employed as well as analyses of the experimental methods.
Results of the tests are described in a separate report®,

HYDROPHONE BOOM

To achleve phase measurement accuracy of £3°, it was necessary to position
the hydrophones with a stabllity of 0.1 foot in range. Positional stabllity
of this order at distances from the array sufficient to approach the far~field
required design and fabrication of @ rigid 190 foot boom. The boom was
attached and pivoted from the center of the lower adge of the array face, as

1+ NRL Confidential Memorandum Report 1648 "Test of Project ARTEMIS
Acoustic Source", R, H, Ferrls, September 1965,

. NRL Confldential Report 6534 "Project ARTEMIS Acoustic Source Performance
Characteristics”; R. H, Ferrls, C. R. Rollins, 1966,
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shown in Fig, 1. A close=up view of the pivot point is shown in Fig. 2. 1he
boom was supported by a single wire rope attached at a point approximately

50 feet out from the base and extending to @ hoisting drum mounted on top of
the array structure, Figure 3.is a photograph of the hoisting drum and the
attachment of the wire rope to the boom. The boom pivoted in q vertical plane
only. The hoisting drum was arranged with three locked positions to provide for
three fixed operating depression angles of the boom. The drum was also capable
of ralsing the boam to a stowed position against the face of the array.

A 16~foot spar was attached at its midpoint to the end of the boom, making an
angle of 98 degrees with the top edge of the boom in the vertical plane (see

Fig. 1). Three hydrophones were attached to the spar: one at each end and

one in the center, The three operating positions of the boom provided hydrophone
positions relative to the array as shown in Table A=1, In addition, measurements
were obtained at intermediate boom positions for a few frequencies.

The boom was fabricated in ten sections which could be bolted together, The
28-foot 2=inch long base section, and two of the 20=foot long sections, together
with the mounting base plate and holsting equipment, were assembled and ‘installed
at dockside with the three boom sections in the vertical (stowed) position as

shown In Fig. 4. On station, the array was lowered, and the additional eight
boom sections were bolted in place as the top of each installed section neared
water level . The hydrophones were assembled fo the spar, and then the assembly
was bolted to the boom end section. The hydrophone cables were lathed to

the boom during assembly and routed from the hydrophones to the base of the
boom, to the top of the array structure, and then to the deck of the ship. Between
the array and the deck of the ship, the hydrophone cables were lashed at 100-
foot intervals to the double-armored Instrumentation cable of the source, A

fourth electrical cable, which connected a position sensor (synchro) at the base

of the boom, was routed with the hydrophone cables and provided a direct

readout of the angle of the boom relative to the array.

When the boom and hydrophone assembly was complete, the array was lowered
until the boom was clear of the ship's bottom, and a tagline over the side of
the ship was used to pull the boom away from its stowed position against the
array face, The hoisting drum, powered from a wire rope faitleaded to a deck
winch, lowerad the boom to the first boom position, The array was then raised
until the holsting drum depth was 50 feet, and divers Inspected the locking
mechanism on the drum, The array was then lowered to the operating depth of
600 fQQ"o

; 2 CONFIDENTIAL
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To change the boom position, the array was raised to the 50~foot depth and

divers toloused ifio lucking inechanism. The boom was adjusted 1o the new
position by means of the winch and hoisting drum, and the divers again ohecked
the locking mechanism before the arroy was lowered to operating depth. Upon
completion of the measurement program, the boom was disassembled as it emerged
through the array well. Intermediate raising of the array did not require
disassembly of the boom except for removal of the hydrophone spar. A photograph
of the raised boom during transit Is shown in Fig. 5.

Operation of the boom proved very successful and ne difficulty in assembly or
handling was encountered.
ACOUSTICAL MEASUREMENTS

Three types of acoustical measurements were madeLbetween the console input and
hydrophone output as follows:

1. Transfer function measirements (amplitude and phase) using continuous~ !
wave sinusoidal excitation.

e e o e

2. Transfer function measurements (amplitude and phase) using pseudorandom-
signal excitation.

3. Cross~correlation measurements between the electrical signal input and
the hydrophone outputs.

In addition, measurements of the radiated noise spectrum were made. The
hydrophone sensitivities were as follows: h A" 94.5 db, hB‘ = 94.3 db,
_ hc = 94,5db, Cuble loss of 0,6 declbel was included when the data were
i ad|usted for hydrophone sensitivity and range.

i

§ Prior to obtaining data at any operating position, a reverberation check was

i made by fransmitting §0-millisscond pulses at one=second intervals and observing
and photographically recording the reverberation level. Reverberation levels
were negligible (less than one percent) except for hydrophone positions on the
beam null where the reverberation level approached ten percent in some cases.
> However, in all cases, the difference between continuous~wave amplitude and
= pulsed amplitude was negligible. Therefore, continuous signals were used for the
‘ 3 sinusoidal transfer~function measurements.

3 CONFIDENTIAL
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Continuous-Wave Iranster Function Measurements -~ Figure 6 is a block diogram
; of the instrumentation used to obtain the continuous=wave transfer function
": measuremants, The objective of the measurements was to obtain the far-fleld
transfer function He (u) referred to zero range; i.e., with the propogation delay

removed. This was accomplished by setting the delay circuit p equal fo the

calculated acoustic propagation time. Thus, the pkase counter start pulse,
originating in the reference signal , was delayed by a time equal to the propagation
time, and the measured phase corresponded to the hydrophone phase referred to
zero range. These measurements were made for nine fixed hydrophone positions
plus intermediate positions for some frequencies, (Three fixed hydrophene positions
for each boom position. Refer to Table A=1). The measurements were obtained

for frequencies between 300 and 500 hertz, and for current levels from 20 to 120
ampetres, as shown in Table A=2, These ranges of frequency and current were
selected to conform to the maximum allowable power input to the transducer array.,

Pseudorandom=-Signal Transfer Function Measurements = Transfer function
measurements were made using broadband (25-percent bandwidth) phase=modulated
i pseudorandom signals in order to determine iF transducer nonlinearities affect
the transfer function for different forms of signals. These signals were generated
using a linear shift register with shift rates of 50 hertz and 100 hertz, The 50-
' hertz shift rote was used with an 11=bijt ragister and the 100=hertz rate was used
' with a 12-bit register to produce a signal length of 42 seconds in each case, The .
i shift=register output caused o 180-degree phase shift in the 400~hertz carrier,
thus producing a signal with ¢ 400-hertz frequency and pseudorandom phase=~
‘ < reversal modulation, (The 11=bit register code ® was 5205E and the 12-bit
. register code was 10123F,) Figure 7 is a plot of the powar specira for the
: two signals,

P

3L o e AT e 2 Rl

All measurements were made at four-hertz increments of frequency from 350
through 450 hettz with-an analyzing bandwidth of four heitz, a transducer depth
of 600 feet, and an input current of 85 umperes, Frequeacy=modulcted magnetic
tape recordings were made of ail hydrophone outputs, together with the delayed
reference, clock frequency, and amplifier output voltuge, Block diagram of the
pseudorandom transfer funciion instrumentation and of the spectrum analyzer are
shown in Figs. 8 and 9 respectively. Fig. 10 is a photogroph of the pseudorandom -
generator (left) and spectrum analyzer (right) installed on the USNS MISSION
CAPISTRANO,

o s Em W e e W W e e

® . W. Wesley Peterson "Error Correcting Codes" , The MIT Press, 1961,
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o destred Gonsfer function it the fareflald hudranhane autnut refarrad to zero

range divided by the signal generator voltagel(Voer/V G). Since the hydrophone
voltage is directly proportional to the pressure, the transfer function thus measured
is related by a constant to the hydrophone pressure to input voltage ratio. Letting
7_ represent the propagation delay, we have: '

P
Vg'w) = Vglele 1,
Vig = Vg e,
Vgl P

The transfer function between two points in a linear system can be shown
fo be given by the following relationship:

S (w)

Hw) = ?XL@T (see Ref. %)

XX

where
Sxy_(w) = cross=power spectral density between inputs x and y, and

Sxx(w) = power spectral density of input x.

Therefore, the analyzer outputs glving the real and imaginary parts of Sx"(w)

provide the correct amplitude and phase ratios for determining the desired transfer
function between the Input and hydrophone output, when the actual analyzer
inputs are VG' and vh@ .

The cross=power spoéfrcl density, Sxy-(w): 1s defined as:

*, “Probﬁblllfy , Random Variables, and Stochastic Processes” , Athanasios
Papoulis, McGraw Hill, 1965,
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,_ § () = lim l‘i'—.“r’-m‘-”l
T o0
@ )
‘ where
i T -jut C
: X@) =] x(t)e dt = A@) + [B@),

L
Y) = yie 't = Cw) + D).

b N L er o

T . e e e

A@) = [ x(t)coswtdt = RelX(®)], !

° : . : d

T : y

B) = [  x(t) sinwtdt = Im(X ()], 2

. e . 3

: T . i

o Clw) = .[‘0 y(t)coswidt = RelY (x)],

) é D) =] y(thinwtdt = ImlY ()] |

i‘ Since A(w) is an even function and B(w) is an odd function, :
; X . AP : . \ . . . .i
' X(=w) = Afw) = |B(w). ‘

l Therefore,

E

's‘ () = i ALICE) +8() + AWDE) - Bl)Cw)
e T X

\ It can be seen from the block diagram (Fig. 9) that the analyzer performs the -
E ; above operations, operating, however, over a finite integration time T o The

preudorandom sequences employed were of 42 seconds duration and the Integrators
were gated to integrate over this interval and then hold for a manual readout.
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Cross=Correlation Measurements = Figure 11 is a block diagram of the
instrumentation used fo obtain cross=-correlation measurements between the
pseudorandom signal generator and the hydrophone output signals. The delay,
7, was adjustable in increments of 0.2 milliseconds, with a range sufficient
to obtain results for T = 30 milliseconds. The pseudorandom signal generator
used was tho same as used for the cross=spectrum measurements. The signals
employed were phase-modulated pseudorandom sequences of 400~hertz center
frequency and modulation rates of 50 and 100 hertz, Cross-correlation
measurements were made with the signal from each hydrophone at each boom
position. In addition, the generator and hydrophone powers were measured
for use in the normalized crass~correlation coefficient.

Noise Spectrum Measurements ~ Noise spectrum measurements were obtained at
the output of one of the monitor hydrophones through the use of a wave analyzer
having a seven hertz analyzing bandwidth., Measurements were made over the
frequency range of from &0 hertz to 15 kilokhertz both with the array energized
at 420 hertz and with the array not energized, When the array was energized

a notch filter of known insertion loss and tuned to 420 hertz was inserted between
the hydrophone output and the wave analyzer,

FAR FIELD MEASUREMENT ACCURACY

The acoustical measurements were intended to represent far=field values, In
order fo estimate the degree to which the measurements approximated far-field
values a computation was made of the field of a hypothetical array consisting
of 160 point source projectors uniformly distributed in a plane rectangular area
having the dimensions of the ARTEMIS array. One hundred sixty points was
proved by an iterative process, to closely approximate an array having an
infinite number of in=phase projectors. The computation was made at o frequency
of 400 hertz for a hydrophone distance from the center of the array of 190 fast
(the approximate range of the experimental measurements) and also at far-field
(infinite range). The far-fleld amplitude was normalized fo zero decibels on
the acoustic axis and the phase was referred to zero degrees on axis. The
results are plotted in Fig. 12, It can be seen that the amplitude at a range of
190 feet approximates the far-fleld amplitude to within; 0.5 decibels for angles
in the major lobe out to 10 degrees, The peak amplitude of the first minor lobe
1s also accurate to within approximately 0.5 decibbls, The first null, however,
shows a large divergence from far=fleld values. The phase computations show a
significant departure from far-field values at nearly all angles, However, the
significant characteristics of the phase data is whether or not the phase error is
a linear function of frequency since an error which is a linear function of
frequency represents only a time shift and does not Introduce phase distortion,
Table 3 lists the maximum deviation from a linear phase shift within the band of

7 CONFIDENTIAL

A e 1, i B L




CONFIDENTIAL

an Euame L
L-ogusncles from 380 o 450 hortz ond v uepmaauun mgwa flom cero jo 20

degrees for the far=field phase error illustrated in Fig, 12, |t can be seen that
the deviation from a linear shift Is negligible for angles in the major lobe out
to 6 degrees. At larger angles the deviation increases to 25 degrees and some
phase distortion in broadband signals could be expected at a range of 190 feet
that would not be present in the far field.,

TRANSDUCER ELEMENT SPRING DEFLECTIONS

Pricr to assembly and use of the hydrophone boom, the array was submerged to

a depth of 600 feet and the spring deflections of 20 instrumented elements were
observed for the purpose of determining allowable power levels for various
sigral types. Figure 13 is a block diagram of the ARTEMIS signal path. The
system could be excited from the pseudorandom signal (PRS) generator, or from
the sinusoidal generator, The sinusoidal signal could be gated, using a General
Radio toneburst generator. A description of the PRS generator is given in the
section on acoustical measurements.

o L £ £ Do e ot 5

Previous experimental results indicated the need for more information about the
maximum spring deflection of the TR=11C variable reluctance element when
excited by modulated waveforms, Since maximum power into the array Is limited
by the maximum allowable spring deflections, this measurement is of considerable
importance. Twenty transducer elements were instrumented as shown schematically
in Fig. 14. The three accelerometers, Gps Gys Oy Were located so that

FrCEn

FEPE

[ICEICR SR R e

[ f“'oﬁ* a,)dt dt
glves the deflection of the top spring and

[flag + agdt dt

gives the deflection of the bottom spring.

Figure 15 1s a block diagram of the Instrumentation system used to obtain the
spring deflection data, and @ photograph of the installed instrumentation Is
shown In Fig. 16, The accelerometer cables were terminated In @ junction box
mounted on the array structure. An accelerometer pair (one Inner and
corresponding outer accelerometer) was selected by the remotely controlled
stepping switches, Each signal was amplified by a preamplifier located in the

o e s S, e T 2 A - a1 T T, e i,
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junction box and then fransmitted via shieided cabie fo the instrumentation room
aboard the ship. After high~pass filtering, each channel was integrated twice
with respect to time, band-pass filtered, and the Inner and outer channels were
added to give the spring deflection, which was displayed on'an oscilloscope for
peck-fo-peak measurement, The. instrumented elements were distributed in the
array as shown In Fig. 17,

SUMMARY

An acoustic calibration of the ARTEMIS source was performed during November
1965, The data obtained consisted of transfer functions using both continuous
wave and pseudorandom signals over a frequency band from 300 to 500 hertz and
for angles in a vertical plane through the acoustic axis from 2.5 degrees above
the axis to 22,5 degreos below the axis. Additional data included cross-
correlation functions between the signal input to driving amplifiers and the
hydrophone output, a sampling of transducer element spring deflections, and
noise spectrum measurements.

Monitor hydrophones were positioned accurately and stably by the use of a 190
foot hydrophone boom plvoted at the base of the array structure, The boom,
which was designed for this purpose, proves to be a practical device which

was assembled and coniolled without difficulty. The distance of the monitor
hydrophones from the center of the array face was approximately 190 feet varying
slightly depending on boom position. This range is sufficiant to permit a good
approximation to far fleld conditions for the major lobe within the minus three
decibel points. At larger angles relative to the acoustic axis the approximation
is poorer, particularly in the vicinity of the first null,

Measurement of the transfer function with both steady state sine waves and
pseudorandom signals s desirable since it is known that electra~acoustic
transducers are not strictly linear devices,

? CONFIDENTIAL
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TABLE A-2

Frequency ll l2 |3 l4 '5 '6 i
hz ne g . . . y %
300 20 40 - - - -
310 20 40 - - - -
320 20 40 - - - - '
330 20 40 - - - - ;
340 20 40 60 - - -
, 350 20 40 60 80 100 120
: 355 20 40 40 80 100 120
; 360 20 40 60 80 100 -
; 365 2 40 60 80 100 120
i 370 20 40 &0 80 100 120
H 375 20 40 &0 80 100 120
| 380 20 40 60 80 100 120
Y 385 20 40 40 80 " 100 120
: 390 20 40 60 80 100 -
395 20 40 60 80 - -
400 20 40 60 80 - -
405 20 40 60 80 - -
410 20 40 60 80 - -
415 20 40 40 80 100 -
420 20 40 60 80 100 -
425 20 40 60 80 - -
430 20 40 60 - - - _
435 20 40 60 - - - i
440 20 40 60 - - - :
445 20 40 60 - - - |
450 20 40 - - - - |
460 20 40 - - - - |
; 470 20 40 - - - - !
. 480 20 40 ~ - - - :
. 490 20 40 60 - - - %
f 500 20 40 60 - - - '

11 CONFIDENTIAL
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| TABLE A-3
Depression Angle Worst Deviation from Linear Phase
Shift Over 350-450 Hz Band
0° - 0.4°
é° 2,0°
12¢ 25,0°
: 20° 25,0°
|
]
12
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Fig. 1 - Drawing of hydrophone boom
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Fig. 2 - Base plate, pivot, and base section of boom
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Fig, 3 - Hoisting drum and cable
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Fig, 4 - Three boom sections attached to array
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Fig. 5 - Hydrophone boom raised
for transit
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Fig, 6 - Block diagram of continuous-wave
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